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Abstract 
A study was carried out in nine fertilized fish ponds under three treatments at 
Bangladesh Agricultural University, Mymensingh, Bangladesh, to record the influence 
of different fertilizers on noxious euglenophytes bloom. Some water quality parameters 
(viz., temperature, pH, phosphate-phosphorus, nitrate-nitrogen and chlorophyll-a) and 
phytoplankton populations were monitored at certain intervals. During the study period, 
three genera of euglenophytes such as Euglena, Phacus and Trachelomonas were recorded 
of which Euglena was most dominant. Significantly (p<0.05) higher cell density of 
euglenophytes was observed in the ponds treated with chicken manure followed by the 
ponds treated with both cow dung and chicken manures and the ponds treated with only 
cow dung. The higher cell density of euglenophytes was explained by acidic pH (around 
6.5) and higher phosphate-phosphorus (1.37 mg/1) and nitrate-nitrogen (1.47 mg/I) 
concentrations. The population size of euglenophytes showed positive correlation with 
phosphate-phosphorus and nitrate-nitrogen concentration while negative with pH. 
Nutrient enrichment and acidic pH enhanced the growth of euglenophytes but reduced 
the growth of chlorophytes and bacillariophytes. 
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Introduction 
In semi-intensive aquaculture systems supplemental feeds are used in addition to 
manuring. Successive cultures increase the nutrient loadings that enhance microalgal 
bloom formation. Microalgal blooms are common phenomena in fish ponds throughout 
the country almost round the year and are mostly formed either by cyanophytes or 
euglenophytes. These microalgal blooms cause oxygen depletion in water at least during 
certain time of the day, gill clogging of fishes, toxication of water etc., that ultimately 
results reduced fish growth and in some cases mortality of fishes. 
During the summer and autumn months euglenophytes form mats in many 
eutrophic lakes. It causes the appearance of "red water" or "red scum" because of the 
presence of red pigment in the algal cell. The bloom looks greenish in the morning and 
turn reddish with increased illumination of sunlight. Blooms of euglenophytes inhibit 
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the light penetration as well as they use most of the nutrients from water bodies for their 
growth. As a result the growth of other beneficial plankton decreases markedly and 
ultimately the fish growth is hampered. Hosmani (1988) reported that Euglena, Phacus 
and Trachelomonas have significant effect in reducing the number of other algal species 
in aquaculture ponds. Some toxic blooms can kill wild and farmed fish populations 
while non-toxic algal species can cause problems through biomass effects, shading of 
submerged vegetation, disruption of food web dynamics and structure and oxygen 
depletion as the blooms decay. Xavier et al. (1991) while studying the effects of 
euglenophytes bloom on fish breeding tank in Brazil, observed that fishes breathe with 
difficulty at the surface and ate less during heavy bloom of E. sanguinea and as a result a 
marked weight loss of fishes was found. 
A number of studies have been carried out on the impacts of different fertilizers on 
the abundance of plankton as well as on fish growth (Nandeesha et al. 1984, Dinesh et al. 
1986, Mitra et al. 1987). Dhawan & Toor (1989) reported that growth of phytoplankton, 
zooplankton and fish were significantly higher in ponds receiving chicken manure alone 
and in combination with cow dung, whereas cow dung alone failed to increase the 
productivity. Rosy et al. (1998) while studying the effects of cow dung and chicken 
manure on the production of plankton, noted that different groups of phytoplankton 
were high in number in the high doses of chicken manure treated ponds. In another 
study, Fang et al. (1986) stated that chicken manure was most suitable for plankton 
production and thus for the growth of common carp, silver and bighead carp. Though 
euglenophytes blooms are very common feature in fertilized fish ponds of Bangladesh 
but the ecology of this group of microalgae in the said environmental conditions and 
their management issues are poorly documented in scientific literature. The present 
study was undertaken to see the influences of cow dung and chicken manures on the 
growth of euglenophytes and their impact on other phytoplankton groups. 
Materials and methods 
The experiment was carried out in nine earthen rain-fed experimental fish ponds 
situated in Bangladesh Agricultural University, Mymensingh from July to November. 
All the ponds were similar in shape, size, depth, basin configuration and bottom type. 
The experiment was conducted under three treatments each with three replications. 
The treatments used in this study were cow dung 1.0 kg/40m2 plus chicken manure 0.5 
kg/40m2 (T,), chicken manure 1.0 kg/40m 2 (T2) and cow dung 2.0 kg/40m 2 (T3). All the 
manures were applied weekly into the ponds as slurry on wet weight basis. 
Water quality parameters (pH, phosphate-phosphorus, nitrate-nitrogen and 
chlorophyll-a) were analyzed fortnightly. pH was measured with a portable pH meter. 
The concentration of phosphate-phosphorus and nitrate-nitrogen were measured by an 
DR/2500 spectrophotometer (HACH, USA) using Phosver 3 and Nitriver 5 powder 
pillows from 25 ml filtered water samples. The chlorophyll-a content was determined 
using a direct reading spectrophotometer (Milton Roy Spectronic 1001 Plus, USA) at 
664 and 750 nm wave lengths. 
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For plankton enumeration, water samples were collected from different depth of the 
ponds. Plankton was concentrated by filtration through a plankton net having 15 p.m 
mesh size, and preserved with 5% buffered formalin for subsequent studies. The 
number of cells was counted on a Sedgewick-Rafter counting chamber (S-R cell) under a 
binocular microscope (Novex, Holland). Population size was calculated from an average 
of the cell number per milliliter. The qualitative study of phytoplankton was done up to 
generic level according to APHA (1992) and Bellinger (1992). All the data collected 
throughout the study period were analyzed using one way analysis of variance (ANOVA) 
followed by Duncan's Multiple Range Test to see the differences among the treatment 
means (Gomez and Gomez 1984). Linear correlation analysis was done to interpret the 
nature of relationship among euglenophytes and physico-chemical factors of water. 
Results 
Total phytoplankton 
Phytoplankton population in the experimental ponds was found to be consisted of 
34 genera belonging to four groups such as Euglenophyceae (3 genera), Cyanophyceae 
(9 genera), Bacillariophyceae (5 genera) and Chlorophyceae (17 genera). The total 
phytoplankton density varied significantly (p<0.05) among the treatments. The 
fortnightly variations of total phytoplankton cell density in different treatments are 
shown in Fig. 1. The highest mean cell density of total phytoplankton was found in the 
ponds treated with chicken manure (T 2) followed by the ponds treated with both cow 
dung and chicken manure (T 1 ) and those treated with cow dung alone (T 3). 
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Fig. 1. Fortnightly variation in abundance of total phytopinakton 
in the experimental ponds of three treatments. 
Ti: Ponds fertilized with cow dung and chicken manure, T2: Ponds 
fertilized with chicken manure and T3: Ponds fertilized with cow dung. 
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Occurrence and abundance of euglenophytes 
During the study period, three genera of euglenophytes such as Euglena, Phacus and 
Trachelomonas were recorded. The fortnightly variations of euglenophytes cell density 
among the treatments are shown in Fig. 2. The highest mean cell density (27.02 x 10 4 
cells/1) of euglenophytes was recorded in chicken manure treated ponds (T 2) followed by 
the ponds treated with both cow dung and chicken manure (T 1) (13.07 x 104 cells/1). In 
chicken manure treated ponds (T 2), the cell density of euglenophytes started to increase 
from late July and showed a heavy bloom in late August which continued until early 
September. 
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Fig. 2. Fortnightly variation in abundance of euglenophytes 
in the experimental ponds of three treatments. 
Genera-wise abundance of euglenophytes 
Euglena: Among euglenophytes, the most represented genus was Euglena. The 
fortnightly variations of Euglena cell density in ponds of three treatments are shown in 
Fig. 3. The mean cell density of Euglena was found to be highest (25.62 x 10 4 cells/1) in 
the ponds of T2 followed by the ponds of T 1 and T3 (Fig. 5). 
Phacus: The variations in cell density of Phacus in three treatments are shown in Fig. 4. 
The genus, Phacus was observed in most of the ponds from the third week of August and 
showed its maximum abundance in early September in the ponds of T 1 and T2. 
Trachelomonas: The genus, Trachelomonas was very less in number and found only in the 
ponds of T2 in late August. 
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Fig. 3. Fortnightly variation in the abundance of Euglena 
in the experimental ponds of three treatments. 
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in the experimental ponds of three treatments. 
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Occurrence and abundance of other phytoplankton groups in relation to euglenophytes 
The cell density of different groups of phytoplankton was found to be variable (Fig. 
6). The algal groups, euglenophytes and cyanophytes were either dominant or co-
dominant over the study period. Euglenophytes was the dominant algal group (by 
biomass) in late August and in September in the ponds of T 1 and T2 when cyanophytes 
was co-dominant. In the ponds of T3 (where the bloom of euglenophytes did not occur), 
cyanophytes was the dominant algal group over the study period and either 
euglenophytes or chlorophytes was co-dominant. The cell density of cyanophytes started 
to increase from late July and reached its highest level during the heavy bloom of 
euglenophytes in the ponds of T2. 
Ce
ll
 de
ns
ity
  (  
x
  
id
 ce
lls
/L
)  
140 
120 
100 
80 
60 
40 
20 
  
    
    
7 Jul 22 Jul 7 Aug 22 Aug 7 Sep 22 Sep 7 Oct 22 Oct 7 Nov 22 Nov 
40 
35 
30 
25 
20 
15 
10 
5 
0 
7 Jul 22 Jul 7 Aug 22 Aug 7 Sep 22 Sep 7 Oct 22 Oct 7 Nov 22 Nov 
Sampling Date  
Fig. 6. Fortnightly variation in the cell density of euglenophytes, cyanophytes, 
bacillariophytes and chlorophytes in the experimental ponds of Tl, T2 and T3. 
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Chlorophytes was the third most abundant group in the ponds of T 1 and T2. The 
highest cell density of chlorophytes (5.76±1.71 x 10 4 cells/1) was found in late November 
in the ponds of T3. During the bloom of euglenophytes, cell density of chlorophytes was 
found to be very low (0.43±0.19 x 10 4 cells/1). Bacillariophytes was the least abundant 
group in all the treatments throughout the study period. The maximum abundance 
(1.70±0.37 x 104 cells/1) of bacillariophytes was observed in the ponds of T3. When the 
heavy bloom of euglenophytes was observed in the ponds of T2, the cell density of 
bacillariophytes was found to be very low (0.15± 0.09 x 10 4 cells/1). 
Physico-chemical parameters 
Surface water temperature in the ponds of different treatments ranged from 23.30-
32.10 "C. The pH varied between 6.4-9.1. The value of pH was comparatively low in the 
ponds treated with chicken manure. The phosphate-phosphorus concentration ranged 
from 0.21-1.37 mg/l. The concentration of nitrate-nitrogen was higher than phosphate-
phosphorus concentration and ranged from 0.61-1.47 mg/l. Significant (p<0.05) 
differences among the treatments existed for pH, phosphate-phosphorus and nitrate-
nitrogen concentrations. The variations in chlorophyll-a in different treatments are 
shown in Fig. 7. The highest mean value (272.10±81.10,u,g/1) of chlorophyll-a was found 
in the ponds of T2 in late August and the lowest (14.14±4.89 ktg/1) in the ponds of T 1 in 
early July. 
07 Jul 22 Jul 07 Aug 22 Aug 07 Sep 22 Sep 07 Oct 22 Oct 07 Nov 22 Nov 
Sampling Date 
Fig. 7. Fortnightly variation of chlorophyll-a in the experimental ponds of three treatments. 
Abundance of euglenophytes in relation to pH and nutrients 
The relations among the cell densities of euglenophytes, pH and nutrient 
(phosphate-phosphorus and nitrate-nitrogen) concentration are shown in Fig. 8. The 
abundance of euglenophytes in relation to different pH and nutrients values showed 
that the cell density increased at acidic pH (pH<7.0) with higher nutrient concentration 
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and showed a declining trend at alkaline pH (pH>7.0). During the heavy bloom of 
euglenophytes, observed in the chicken manure treated ponds (T 2), the value of pH, 
phosphate-phosphorus and nitrate-nitrogen were 6.44, 1.37 mg/1 and 147 mg/1 
respectively. 
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Fig. 8. Relation among euglenophytes cell density and (a) pH, (b) phosphate-phosphorus 
and (c) nitrate-nitrogen concentrations in the experimental ponds of TI, T2 and T3. 
The size of euglenophytes population in the Ponds appeared to be correlated with 
pH and the surrounding nutrients. The population size of euglenophytes was positively 
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correlated with phosphate-phosphorus (r=0.13) and nitrate-nitrogen (r=0.28) while 
negatively with pH (r= -0.30) of the water. 
Discussion 
Effects of fertilizer on the abundance of total phytoplankton and euglenophytes 
Fertilization of ponds with organic manure is the cheapest and simplest means of 
increasing aquatic productivity in Bangladesh. Manjunatha (1979) reported that 
chicken manure enhanced the production of both phytoplankton and zooplankton. 
According to the present study, the cell density of total phytoplankton was found to be 
higher in the ponds treated with chicken manure. Nandeesha et al. (1984) evaluated the 
effect of three organic manures, silkworm fecal matter, chicken manure and a 
combination of the both in fish pond and stated that chicken manure treatment had the 
highest number of phytoplankton than others which agreed with the present study. 
Similar results were also found by Banerjee et al. (1979), Mitra et al. (1987) and Rosy et 
al. (1998). They concluded that chicken manure enhances the growth of plankton, the 
fish food which might be due to the presence of high amount of phosphorus and 
nitrogen contents in the manure. 
The highest cell density of euglenophytes (26.16x10 4 cells/1) was found in the ponds 
of T2 (where only chicken manure was applied) compared to other treatments. Similarly, 
Xavier et al. (1991) found Euglena sanguinea bloom in fish breeding tank treated with 
chicken manure. According to the present study, it was observed that chicken manure 
enhanced the growth of euglenophytes which might be due to the presence of higher 
amount of phosphorus and nitrogen in the manure. Among the organic manure, chicken 
manure is the best one because it contains more nitrogen and phosphorus which play a 
vital role for primary production (David et al. 1969). 
Impact of euglenophytes abundance on other phytoplankton 
The plankton populations may be a response of biological competition within and 
with other organism for the same resources. It is reported that algal population size is 
determined by a biological interaction of individuals, populations, and species for 
environmental resources (Hutchinson 1967, Levandowsky 1972). From the plankton 
data, it was observed that euglenophytes and cyanophytes were either dominant or co-
dominant followed by chlorophytes and bacillariophytes. This finding agrees fairly well 
with findings of Mishra and Saksena (1993) who reported that the percentages of 
cyanophytes and euglenophytes were higher compared to bacillariophytes and 
chlorophytes in nutrient rich water bodies. In the present study, euglenophytes showed 
negative relation with chlorophytes and bacillariophytes which indicates that 
euglenophytes have the growth inhibitory effects on chlorophytes and bacillariophytes. 
Similar results were found by Hosmani (1988) who reported that the blooms of Franceia 
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ovalis, Euglena elastica, Euglena gracilis and Trachelomonas charkoweinis have a significant 
effect in reducing the number of other algal species. 
In the present study, euglenophytes was found to form heavy bloom in an 
environment of acidic pH and higher nutrients concentrations which might not be 
favourable for growth of chlorophytes and bacillariophytes. Furthermore, thick bloom of 
euglenophytes inhibited light penetration which greatly hampered photosynthesis of 
other phytoplankton. During peak bloom of euglenophytes, the lower cell density of 
chlorophytes and bacillariophytes might be due to the presence of higher concentration 
of ammonia in the ponds. It is reported that most euglenoid prefer environment of high 
ammonia concentration (Munawar 1972, Xavier 1985, Xavier et al. 1991). In contrast, it 
is frequently assumed that ammonia in higher concentration especially if unsaturated 
may be toxic to some phytoplankton species (Wetzel 1983). 
Chlorophyll-a 
Chlorophyll-a content is a good index of availability of phytoplankton organisms in 
the water body. Khatrai (1984) reported that phytoplankton and chlorophyll-a have a 
positive relationship with primary production. In the present study, the values of 
chlorophyll-a showed a wide range of variation (14.44 to 272.10 //g/1) among the 
treatments. The probable reason for this variation in chlorophyll-a was the periodicity 
of phytoplankton which was enhanced by manuring. According to the present study, the 
mean value of chlorophyll-a was higher in the ponds of T2 which might be due to higher 
cell density of different groups of phytoplankton found in the ponds of T2. Lower value 
of chlorophyll-a (37.8 µg/l) was registered by Xavier et al. (1991) when they found E. 
sanguinea bloom in fish breeding tank, since the pigment predominant in E. sanguinea 
bloom was hematochrome. 
Abundance of euglenophytes in relation to pH and nutrients 
The growth and development of euglenophytes depend on the combination of a set 
of factors such as sunlight, warm temperature and higher nutrient concentrations. 
Nwankwo (1995) reported that higher number of euglenoid species were recorded when 
water temperature, nutrient values and BOD were high. In the present study, the cell 
density of euglenophytes were significantly higher in acidic pH (pH<7.0). However, it 
appears that a pH of around 6.5 is most conducive for heavy bloom of euglenophytes. 
This result was strongly supported by Xavier et al. (1991) who found formation of 
Euglena sanguinea bloom when the pH value was around 6.9. Olaveson and Nalewajko 
(2000) stated that Euglena mutabilis and Euglena gracilis were acid tolerant, growing 
optimally at pH 2.5 to 7.0. Furthermore, Olaveson and Stokes (1989) reported that 
Euglena gracilis grow well in acidic environment. In our study, euglenophytes developed 
in small number at alkaline pH (pH>8.0) but acidic pH (pH<7.0) favoured bloom 
formation. From our results it can be concluded that euglenophytes prefer acidic pH. 
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Nitrogen and phosphorus are limiting factor and very important macro-nutrients 
for phytoplankton development. The positive correlation between population size and 
nitrate-nitrogen concentration accords with the report of Munawar (1972) who stated 
that the fluctuation of the euglenoid population was affected by nitrate concentration in 
polluted sewage. This group of phytoplankton also shows the same tendency with 
phosphate concentration. Thomas (1969) speculated that inorganic phosphorus 
concentration is a key element in controlling the nuisance algal blooms in many water 
bodies. Positive correlation between population size of freshwater algae and phosphate-
phosphorus concentration is known even in hypertrophic reservoir (Barone and Flores 
1994). The observed values of nitrate-nitrogen and phosphate-phosphorus concentration 
during the peak bloom of euglenophytes in the ponds of T2 were 1.37 mg/1 and 1.47 
mg/I, respectively. The levels of nitrate-nitrogen and phosphate-phosphorus as recorded 
from the ponds of T2 during the bloom period were higher than that reported by Xavier 
et al. (1991) who registered 0.15 mg/1 of nitrate-nitrogen and 0.35 mg/1 of phosphate-
phosphorus during Euglena sanguinea bloom. This difference might be due to regular 
fertilization in the ponds and the availability of nutrients in the manures. Nevertheless, 
in this study, it was observed that euglenophytes preferred higher phosphate and nitrate 
concentrations. 
Correspondence analysis of abundance data for euglenophytes in the ponds among 
the treatments and from the data in the literature, it can be concluded that chicken 
manure as well as some environmental parameters are responsible for the bloom of 
euglenophytes which have negative effects on the growth of beneficial phytoplankton 
through hampering light penetration in the water body. 
Acknowledgements 
This research work was financed by the WorldFish Center (former ICLARM), Dhaka, Bangladesh 
to the second author of the paper which is gratefully acknowledged. 
References 
APHA., 1992. Standard Methods for the Examinations of WateLand Waste Water. American 
Public Health Association (APHA), New York. 874 p. 
Banerjee, R.K., P. Roy, G.S. Singit and B.R. Dutta, 1979. Poultry droppings and its manurial 
potentiality in aquaculture. j. Inland Fish. Soc., India, 11(1): 94-108. 
Barone, R. and L.N. Flores, 1994. Phytoplankton dynamics in a shallow hypertrophic 
reservoir (Lake Arancio, Sicily). Hydrobiologia, 289: 199-214. 
Bellinger E.G., 1992. A Key to Common Algae: Freshwater, Estuarine and Some Coastal 
Species. The Institution of Water and Environmental Management, London, UK. 138 p. 
David, A., P. Ray, B.V. Govind, K.V. Rajgopal and R.K. Banerjee, 1969. Limnology and fishes 
of Tungabhadra. Cent. Inland Fish. Res. Inst. Barrakpore, West Bengal, India, Bull., 3: 70-93. 
Dhawan, A. and H.S. Toor, 1989. Impact of organic manures and supplementary diet on 
plankton production, growth and fecundity of Indian major carp, Cirrhina mrigala 
(Ham.) in fish ponds. Biol. Wastes, 29: 289-297. 
Dinesh, K.R., T.J. Varghese and M.C. Nandeesha, 1986. Effects of a combination of poultry 
manure and varying doses of urea on the growth and survival of cultured carps. In: First 
17 
M.M. Rahman & S. Khan 
Asian Fisheries Forum (eds. J.L. Maclean, L.B. Dizon and L.V. Hosillos). Asian Fish. 
Soc., Manila, Philippines. pp. 565-568. 
Fang, Y., X. Guo, J. Wang, Y. Yang and Z. Liu, 1986. Effects of different animal manures on 
the fish farming. In: First Asian Fisheries Forum (eds. J.L. Maclean, L.B. Dizon and L.V. 
Hosillos). Asian Fish. Soc., Manila, Philippines. pp. 117-120. 
Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research. 2' ed. 
John Wiley & Sons, New York. 680 p. 
Hosmani, S.P., 1988. Seasonal changes in phytoplankton communities in a freshwater pond at 
Dharwar, Karnatak State, India. Phykos., 27(1-2): 82-87. 
Hutchinson, G.E., 1967. A Treatise on Limnology. Vol. 2. John Wiley & Sons, NY. 1115 pp. 
Khatrai, T.C., 1984. Seasonal variation in the ecosystem of the Lakhotia lake in Rajastan. 
Indian j. Fish., 3(1): 122 - 129. 
Levandowsky, M., 1972. Ecological niches of sympatric phytoplankton sp. Amer. Nat., 106: 71-78. 
Manjunatha, M., 1979. Studies on the use of different combination of organic manures in 
relation to fish culture. Mysore]. Agric. Sci., 13(1): 123-124. 
Mishra, S.R. and D.N. Saksena, 1993. Phytoplanktonic composition of sewage polluted Morar 
(Kalpi) River in Gwalior, Madhya Pradesh. Environ. Ecol., 11 (3): 625-629. 
Mitra, B., A. Gupta and U.K. Laha, 1987. Effects of some manures on the growth and 
production of major carps in village ponds of district Birbhum, West Bengal. Environ. 
Ecol., 5: 381 -385. 
Munawar, M., 1972. Ecological studies of Eugleninae in certain polluted and unpolluted 
environments. Hydrobiologia, 39(3): 307-320. 
Nandeesha, M.C., P. Keshavanath and K.R. Denesh, 1984. Effect of three organic manures on 
plankton production in fish ponds. Environ. Ecol., 2(4): 311-318. 
Nwankwo, D.I., 1995. Euglenoids of some polluted storm-water channels in Lagos, Nigeria. 
Trop. Freshwat. Biol., 4: 29 -39. 
Olaveson, M.M. and C. Nalewajko, 2000. Effects of acidity on the growth of two Euglena 
species. Hydrobiologia, 433 (1-3): 39-56. 
Olaveson, M.M. and P.M. Stokes, 1989. Responses of the acidophilic alga Euglena mutabilis 
(Euglenophyceae) to carbon enrichment at pH 3. y. Phycol., 25(3): 529-539. 
Rosy, M.A., M.J.U. Miah, M.R. Amin and M.R. Hassan, 1998. Effects of cow dung and 
chicken manure on plankton production and fish growth. Bangladesh ]. Aquat., 20: 15-21. 
Thomas, A.E., 1969. The progress of eutrophication in Central European Lakes. In: 
Eutrophication: Causes, Consequences, Correctives (ed., G.A. Rohlich). National 
Academy of Science, Washington. pp. 17-28. 
Wetzel, R.G. 1983. Limnology. W.B. Saunders, Philadelphia. 743 p. 
Xavier, M.B., 1985. Estudo Comparativo da flora de Euglenaceae pigmentadas 
(Euglenophyceae) de lagos do Parque Estadual das Fontes do Ipiranga, Sao Paulo, SP. 
Tese de Doutoramento, Faculdade de Saude Publica da USP. 378 p. 
Xavier, M.B., C.S.R.M. Pinto and M. Takino, 1991. Euglena sanguinea, Ehrenberg bloom in a 
fish-breeding tank (Pindamonhangaba, Sao Paulo, Brazil). Archiv -fur-Hydrobiologia, 62: 
133-142. 
(Manuscript received 28 March 2007) 
18 
